ABSTRACT. Binding of specific ligands to the receptor for advanced glycation end-products (RAGE) can trigger a series of signal transductions, which leads to pathogenesis in many chronic degenerative diseases, including cancer. Alternative splicing of RAGE mRNA has resulted in many variants, including RAGE variant 1 (RAGEv1). This particular splice variant of RAGE can provide a major soluble form of RAGE in blood circulation, which can neutralize deleterious ligands, thus diminishing signaling that can lead to inflammation and pathogenesis in cancer cells. However, the molecular mechanisms involved in suppressing signaling cascades in the cells are unknown. We investigated the molecular role of the RAGEv1 isoform in modulating NF-kB and TNF-α gene expression in human hepatocellular carcinoma HepG2 cells. Transient transfection using an engineered plasmid containing the RAGEv1 gene resulted in a significant increase in normalized RAGEv1 mRNA transcripts in HepG2 cells. This finding RAGEv1 affects expression of NF-kB and TNF-α was supported by the detection of the RAGEv1 protein, which was found in the whole-cell extracts and the cell culture media. This high degree of RAGEv1 expression significantly reduced the expression of normalized mRNA transcripts of NF-kB and TNF-α in HepG2 cells. We suggest that RAGEv1 could reduce activity of the NF-kB signaling pathway in liver cancer cells, thus providing a potential alternative therapy for the treatment of liver cancer.
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INTRODUCTION
The receptor for advanced glycation end-products (RAGE) is a protein in the immunoglobulin superfamily, which can bind not only AGEs (Neeper et al., 1992) but also other ligands such as S100/calgranulin (Hofmann et al., 1999) and high-mobility group box-1 (Hori et al., 1995) . The human RAGE gene is composed of 11 exons and a short 3'-UTR, which is transcribed into an mRNA of 1.4 kb and translated to give a protein of 404 amino acids with a molecular mass of 55 kDa. However, the human RAGE gene has been reported to possess several alternatively spliced variants (Hudson et al., 2008) . Interestingly, there has been a report of a unique splice variant of the RAGE gene, the second most prevalent RAGE isoform after full-length RAGE, occurring due to the alternative splicing of the inclusion of part of intron 9 and removal of exon 10 (Yonekura et al., 2003) . This particular isoform has been demonstrated to cause an alteration in the reading frame sequence of the protein at amino acid 332, thus giving rise to the RAGE splice variant 1 (RAGEv1). Accordingly, this particular isoform of RAGE contains neither the transmembrane domain nor cytosolic domain. Previously, it has been referred to as endogenous secretory RAGE. RAGEv1 naturally occurs in vivo and was found in human blood circulation (Fernandez-Botran et al., 2002) .
Binding of RAGE and ligand results in the activation of signal transduction cascade, thus leading to upregulation of RAGE and pro-inflammatory genes that are associated with the pathogenesis of chronic degenerative disorders (Schmidt et al., 2001 ). In addition, ligand-RAGE binding can activate signaling pathways, which play a causative role in the alteration of cancer cell functions and lead to more complications of cancer such as tumor invasion and metastasis (Taguchi et al., 2000) . Therefore, RAGE expression may play a pivotal role in the development and progression of cancer. The linkage of RAGE/AGE has been reported to induce cellular oxidative stress and activating nuclear factor kappa B (NF-kB) signaling pathway (Yan et al., 1994; Lander et al., 1997) . In humans, a high level of RAGEv1 in serum has been reported to be associated with a lower incidence of various chronic degenerative diseases, such as coronary artery disease, hypertension, diabetic complications, and rheumatoid arthritis Falcone et al., 2005; Geroldi et al., 2005; Pullerits et al., 2005; Koyama et al., 2005; Katakami et al., 2005) . Therefore, competitive inhibition of RAGE by its soluble form, RAGEv1, may attenuate the deleterious effects by decreasing expression of NF-kB and other pro-inflammatory genes in cancer cells. Hence, the objective of this study was to investigate the molecular role of RAGEv1 isoform in modulating the gene expression of NF-kB and TNF-α in human hepatocellular carcinoma HepG2 cells. This may lead to the development of an optional therapeutic target in the treatment of increasing public health threats such as liver cancer.
MATERIAL AND METHODS

Cell culture
The human cervical cancer cells (HeLa cells) and the human hepatocellular carcinoma cells (HepG2) were maintained in Dulbecco's modified Eagle's medium (DMEM), supplemented with 10% heat-inactivated fetal bovine serum containing 100 U/mL penicillin and 100 μg/mL streptomycin. The cells were maintained at 37°C in a humidified atmosphere at 5% CO 2 .
Cloning of human RAGEv1 isoform
Total cellular RNA was isolated from HeLa cells using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Purified mRNA was reverse-transcribed into cDNA using the ImProm-II TM Reverse Transcription System (Promega, Madison, WI, USA) with oligo(dT)17 primer, following the manufacturer protocol. Resulting cDNA of all variants of RAGE was amplified with TaKaRa LA Taq DNA polymerase (Takara Bio Inc., Otsu, Shiga, Japan) using PCR primers specific to the RAGE gene (forward primer: 5'-GAAGGAAGCAGGATGGCA -3' and reverse primer: 5'-GATGGGATCTGTCTGTGGG-3'). After denaturation for 5 min at 94°C, the DNA fragments were amplified for 35 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 2.5 min, with a final extension at 72°C for 5 min. To check their product sizes, amplified fragments of RAGE were electrophoresed on a 2% agarose gel. The PCR product with the expected fragment size of around 1200 bp was purified and cloned into the pGem-T-Easy vector system (Promega), following manufacturer instructions. Colony PCR using T7 forward primer (5'-TAATACGACTCACTATAGGG-3') and SP6 reverse primer (5'-ATTTAGGTGACACTATAGAA-3') was performed to screen colonies for expected plasmid construct (pGEM-T-Easy-RAGEv1). In addition, plasmid isolation was carried out using the QIAprep Spin Miniprep kit (Qiagen GmbH, Hilden, Germany), and subsequent restriction enzyme analysis was performed using HindIII and PstI, as previously described (Hudson et al., 2008) . DNA sequencing was done to verify the sequence identity. Finally, RAGEv1 was cloned into the mammalian expression vector using the pcDNA3.1/V5-His TOPO TA Expression kit (Invitrogen). Briefly, PCR amplification of the RAGEv1 fragment was carried out using pGEM-T-Easy-RAGEv1 as a PCR template. Primers used for this purpose were forward primer (5'-AGAGAATTCGAAGCAAGATGGCA-3') and reverse primer (5'-AGGTCTAGA GCAAGGCCCTCCAGTA-3'), which were designed to contain EcoRI and XbaI flanking restriction sites, respectively. Colony PCR screening was done using T7 forward primer and BGH reverse primer (5'-TAGAAGGCACAGTCGAGG-3'). The resulting plasmid construct, pcDNA3.1/V5-His TOPO TA-RAGEv1, was checked using BamHI and EcoRV restriction enzyme digestion, and it was verified by DNA sequencing.
Transient transfection of plasmid construct containing RAGEv1 into HepG2 cells and gene expression analysis
Four million HepG2 cells were equally divided into four flasks (75 cm 2 ) and incubated for 48 h under 5% CO 2 . The pcDNA3.1/V5-His TOPO TA-RAGEv1 construct was extracted RAGEv1 affects expression of NF-kB and TNF-α with the PureLink TM HiPure Plasmid Maxiprep kit (Invitrogen) and diluted to a concentration of 1 mg/mL. HepG2 cells were transfected with the plasmid construct containing RAGEv1 using lipofectamine 2000 (Invitrogen) in serum-free DMEM at a ratio of 1 mg DNA:1 mL lipofectamine, and four ratios (2 mg:2 mL, 4 mg:4 mL, 6 mg:6 mL, 8 mg:8 mL) were applied, thus reflecting an increased amount of DNA construct into the cells. For controls, non-transfected cells served as normal control cells, and transfected cells with 5 mg empty vector per 5 mL lipofectamine served as negative transfected cells. The transfection mixture was incubated with cells at 37°C under 5% CO 2 for 4 h. After the medium was changed to 10% DMEM, cells were further incubated at 37°C under 5% CO 2 for 20 h. Subsequently, RNA was extracted from cells using the QuickPrep Micro mRNA purification kit (GE Healthcare, San Diego, CA, USA) and checked for the gene expression of RAGEv1, NF-kB and TNF-α. Briefly, after reverse transcription into cDNA using ImProm-II Reverse transcriptase (Promega) and oligo (dT 17 ) primer, PCR was performed using TaKaRa LA Taq DNA polymerase (Takara Bio Inc.) and specific primers for RAGEv1 (forward primer: 5'-AGCAGTTGGAGCCTGGGTG-3' and reverse primer: 5'-GGACTCGGTAGTTGGACTTGG-3'), NF-kB (forward primer: 5'-CAGTG AGAAGGGCCGAAAGAC-3' and reverse primer: 5'-CAGGGGCAGGGAGAAGGAG-3') and TNF-α (forward primer: 5'-GGCTCCAGGCGGTGCTTGTT-3' and reverse primer: 5'-GGCTTGTCACTCGGGGTTCG-3'). β-actin transcripts, which were used as internal controls, were generated using specific primers as described elsewhere (Fisker et al., 2004) .
In addition to transcripts, transfection results were also checked by detecting the RAGEv1 protein in whole-cell extracts and the secreted RAGEv1 protein in cell culture medium. In brief, HepG2 cells were transfected with the pcDNA3.1/V5-His TOPO TA-RAGEv1 construct using lipofectamine 2000 based on three different ratios of DNA:lipofectamine (1:1, 1:2, 1:3), while non-transfected HepG2 cells were negative controls. After transfection, proteins were extracted using trichloroacetic acid, separated by SDS-PAGE and detected by Western blot using anti-V5 antibody (Invitrogen), which was specific to V5 epitope of the pcDNA3.1/V5-His TOPO TA vector. Anti-mouse antibody (Cell Signaling Technology, Danvers, MA, USA) was used as the secondary antibody.
Statistical analysis
Each transfection experiment was performed in triplicate. Data are reported as means ± SD of three independent experiments. One-way ANOVA was used for analyzing the difference in gene expression between controls and transfected cells. A P value of <0.05 was considered to be significant.
RESULTS
Detection of RAGEv1 expression
We isolated RAGEv1 mRNA from HeLa cells, and DNA sequencing analysis confirmed that it was completely similar to previously identified RAGEv1 (NM_001136.3). Therefore, we made the pcDNA3.1/V5-His TOPO TA-RAGEv1 construct for transient transfection into HepG2 cell line as an in vitro model. Transfection studies were performed in order to evaluate both ectopic mRNA and protein levels of RAGEv1. As shown in Figure 1 , the RAGEv1 mRNA transcripts in HepG2 cells normalized to that of β-actin was found to be increased with increasing amounts of transfecting pcDNA3.1/V5-His TOPO TA-RAGEv1 construct. It reached statistically significant difference (P < 0.05) when 8 mg of the pcDNA3.1/ V5-His TOPO TA-RAGEv1 construct was transfected into the HepG2 cells. In addition, the RAGEv1 protein was determined using Western blotting with anti-V5 antibody. Consistently, the RAGEv1 protein was highly expressed in the transfected cells and could be secreted into the culture medium of the transfected cells as shown in Figure 2 . 
Effect of RAGEv1 expression on the expression of NF-kB and TNF-α mRNA transcripts
After different amounts of pcDNA3.1/V5-His TOPO TA-RAGEv1 construct was transiently transfected into HepG2 cells, expression of NF-kB and TNF-α mRNA transcripts was measured relative to β-actin mRNA transcripts. As shown in Figure 3 , mRNA transcripts of both genes were decreased in a concentration-dependent manner with regard to the amount of pcDNA3.1/V5-His TOPO TA-RAGEv1 construct applied for transfection. The downregulating effect of RAGEv1 was more pronounced in case of NF-kB expression. Nevertheless, significant difference in a decreased mRNA expression of both genes was observed (P < 0.05) when 8 mg of the pcDNA3.1/V5-His TOPO TA-RAGEv1 construct was used for transfection. 
DISCUSSION
RAGEv1 is one of the most abundant alternative splice variants of the RAGE gene, second to the full-length form (Hudson et al., 2008) . For the direct identification of RAGEv1 mRNA in this study, nucleotide sequencing was performed and confirmed. In this study, we detected the expressed RAGEv1 protein using anti-V5 antibody against the V5 epitope, since the RAGEv1 cDNA was cloned into the mammalian vector containing the V5 tag. According to our cloning approach, the reverse primer was designed to be particularly mutated, thus destroying the stop codon and reading through the target tag.
From previous studies, we already knew that RAGE expression could be regulated by the NF-kB signaling pathway (Ahmed, 2005) . According to the promoter analysis, there are two NF-kB binding sites on RAGE promoter, thus supporting the idea that upregulation of NF-kB leads to an enhanced expression of the RAGE gene and vice versa (Rojas et al., 2010) . Since more than two hundred genes may be regulated by NF-kB transcription factor, including anti-apoptotic, cellular transformation inducer, metastatic, chemo-resistant, and radio-resistant genes, activation of these genes may result in the aggressiveness of cancer progression. NF-kB also activates the expression of cyclin D1 and apoptotic suppressor protein, such as Bcl-2 and Bcl-XL, which are involved in metastasis and angiogenesis (Aggarwal and Shishodia, 2006) . Furthermore, it has been demonstrated that upregulation of the RAGE gene could promote cancer invasiveness (Hirata et al., 2003) . Taken together, the inhibition of RAGE gene expression could be an alternative way for cancer treatment. Recent study showed that RAGEv1 expression inhibited tumor growth in vitro and in vivo by reduced activation of JNK signaling pathway (Kalea et al., 2010) . Based on the quantitative analysis of RAGE mRNA expression in hepatocellular carcinoma patients (HCC), it has been revealed that HCC patients have higher RAGE expression compared to non-HCC (P < 0.01). Moreover, HCC patients showed a significant increase in RAGE expression as compared to patients with non-cancerous hepatic lesions (cirrhosis; P < 0.01) (Hiwatashi et al., 2008) . This is evidence of a firmly established association between HCC and expression of RAGE, thus emphasizing the devastating role of the RAGE gene in pathogenesis. It is worth noting that Kalea et al. (2010) have demonstrated that RAGEv1 is expressed at a low level in cancer tissues. The development of cancer may be possibly due to the insufficient concentration of such a protective biomarker as RAGEv1 in the body.
After binding with ligands, the RAGE-ligand complex induces an intracellular signal, and this type of activation normally leads to an increase in oxidative stresses (Lander et al., 1997) . In addition, the RAGE-ligand interaction promotes the expression of several biomarkers such as IL-1α, IL-6 and TNF-α (Neumann et al., 1999) . If the binding of ligand and RAGE is impeded by competitive inhibitors such as RAGEv1, the signal activation should be decreased. In this study, we found that higher expressed levels of RAGEv1 based on increasing amounts of plasmid construct containing RAGEv1 for transfection resulted in a decreased expression of NF-kB and TNF-α in a concentration-dependent manner. In particular, the results demonstrated that both NF-kB and TNF-α mRNA transcripts significantly decreased after transfection of 8 µg RAGEv1 recombinant plasmid (P < 0.05), whereas the rest (2, 4 and 6 µg of the construct) did not give any significant result. We did not transfect HepG2 cells using higher concentrations of plasmid construct because cell viability dropped to less than 50% compared to non-transfected cells (data not shown).
This study shows a molecular role of RAGEv1 in suppressing gene expression of NF-kB and TNF-α genes in human liver cancer cells. This finding is of great interest since RAGEv1 may serve as a prime candidate target for developing anti-cancer drugs in the future, especially for HCC. Like full-length RAGE, RAGEv1 is a native plasma soluble protein in the human bloodstream, and thus, the nuisance effects of RAGEv1-based therapy should be notably less than foreign molecules. In addition, it can be therapeutically applied to other chronic degenerative diseases, known to be pathologically associated with RAGE, such as cardiovascular disease , diabetes (Rojas and Morales, 2004; Katakami et al., 2005) , hypertension (Geroldi et al., 2005) , and Alzheimer's disease .
